Abstract-Tracking of the skin disease is a necessary step of diagnostic as well the measure of the wound's surface is very useful in healing's document. To overcome the difficulties of the skin illness's estimation, encountered with the currently used measurement techniques, we propose a novel approach aiming to reduce the time-consuming and the error rate. The proposed method is based on two steps; the first step is a preprocessing one which consists in image segmentation to detect the edge of the infected skin region. In the second one, another proposed method is applied to measure the wound 'size' and control the illness evolution. In this work, a comparative study was realized to select the most suitable segmentation technique referred to a proposed criterion based on 'edge accuracy' EAC. The new criterion was compared with the 'surface accuracy' based on ROC 1 space. The experiments show the performance of the proposed criterion and the efficacy of the measurement technique.
I. INTRODUCTION
Image segmentation is an important step in medical image processing. It is widely applied in medical diagnostic such as, the breast cancer cells [2] , brain tumor [3] [4] , and it is useful in the diagnosis of skin cancer and wound, as detection the lesion skin [5] [6] , measurement of the area of skin ulcers [7] and burn scars [8] and using in the segmentation of the skin disease based on different segmentation methods like the FCM method [9] , wavelet transform and morphology operations in [10] , the active contour [6] [7] , etc. The skin surface is a complex geometry landscape; its properties depend on many variables such as the subject parameters (age, gender), the body location (hand, forehead,...) and image acquisition (lighting, camera, ...) [11] . For dermatologists, there are many difficulties to detect the infected region in order to diagnose the skin disease. In literature, there are many used techniques to estimate the skin disease's region. As mentioned in [12] , the first measurement method is manual using the ruler-based technique to have the length, the width and the degree of sloping to calculate the skin disease surface. In 2002, Lucas et al have used the transparency tracing grid method: this technique consists of tracing the wound edge onto a transparency tracing grid; using the metric grid to count the number of square 1 Receiver Operating Characteristics(ROC) graphs are useful for organizing classifiers and visualizing their performance [1] centimeters [13] . As extension, in 2004, David et al have used the digital tablet to measure the surface and to record the wound measures [14] . These techniques defined previously are simple but they are not very reliable for irregular or large wounds [15] . They are challenging and time-consuming techniques. These methods have encountered many problems: there are transparency tracing grid preprinted in 1mm 2 areas so take more counting time and are not suited to routine practice as well it's so hard to keep the transparency grid or the ruler against the ulcer and it can be discomfort to patients afraid of the risk of contamination or cross-infection; any tools used into contact with the wound should be sterilizable to try to prevent infection or contamination [14] . Aiming to reduce the measurement-time, to ameliorate the patient condition and to improve the precision of the dermatologist's intervention, a computerized method to measure the skin disease is proposed. This technique calculates the surface and controls the evolution of the region area of the infected skin. As illustrated by figure 1, the novel technique is based on two steps: the first is a preprocessing one in which a segmentation technique is applied to separate the skin disease and detect the edge of the infected region. The second one is composed of two parts,we begin by the measurement of the surface of the infected skin using the counting the digital pixels. After that we control the skin illness evolution. In this paper, to separate the region of the skin disease, a set of techniques are compared: the fuzzy CMeans segmentation methods standard FCM [9] , improvement FCM [9] [16], Otsu's method [17] , Hard C-Means (HCM) (Kmeans or HCM) [4] [18] and Active Contour [19] [20] . We apply these segmentation methods on different skin images and we compare the results of each method to evaluate the performances of these techniques to find out the most suitable for our case. For the assessment of used methods, a new 'edge accuracy' criterion EAC is introduced and applied to compare the reliability of the used segmentation techniques. The efficiency of the proposed criterion is compared also with the 'surface accuracy' based on the ROC space presented in [1] [21] . This paper is organized as follows; in section II, a recall of the firstly mentioned image segmentation methods are applied. The obtained results are evaluated based on the proposed EAC. The reliability of this criterion is compared with the ROC space [1] [21] . Section III presents the proposed measurement techniques of the skin surface disease and how can we track the evolution of the skin illness? Section IV is reserved to evaluate the experiment results and the applications in skin disease. Finally, the conclusion and the future work are presented in section V. The segmentation is an essential task in skin diagnostic but there is no universal technique for the all image applications. In this section, we give a recall of the segmentation methods frequently used and we apply each technique to segment the skin images, after that, we detect the edge of the segmented skin, then, we compare the boundary of the obtained image with that of desired one. This proposed comparison method EAC, is used to calculate the error between the contours in order to find out the most suitable segmentation method for our case. In this paper, the K-means, FCM, IFCM, Otsu's method and Active Contour techniques are applied.
A. K-means segmentation method
The K-Means is an unsupervised learning algorithm that follows a simple procedure to classify a given data set through a certain number of K clusters that are known a priori. In order to satisfy the criteria of minimizing an objective function, the K-means algorithm updates the distance between the data points and the cluster centers iteratively until no elements are exchanged between clusters. The following steps of k-means algorithm:
• (1) Initialize the number of clusters and randomly select the initial cluster centers.
• (2) Assign each object to the group that has the closest centroid.
• (3) Recalculate the centers for clusters, when all objects have been assigned. • (4) Repeat the steps 2 and 3 until a distance convergence criterion is met.
B. FCM algorithm
In image segmentation literature, the FCM (fuzzy c-means) is unsupervised clustering algorithm which is widely applied [16] . This algorithm aims is to build a fuzzy partition into clusters of the input pixels minimizing the objective function given by
With m > 1 is the fuzzifier [22] and X j is the feature vector which characterizes the j th pixel. u ij is the partition degree of the j th pixel to the i th cluster given by
Respecting the constraint
Where v i is the center of the i th cluster given by
C. IFCM clustering algorithm
One major drawback of the standard FCM clustering approach is that it is sensitive to additive noise [9] [23] . To overcome the mentioned problem, a set of extensions has appeared. S.Shen proved in [16] that the FCM is not robust to noisy images, where, the pixel features may be changed by the noise, which will then affect the pixel membership. So, Shen et al. proposed the measurement of similarity in FCM was modified using neighborhood attraction, and includes feature differences and relative locations between neighboring pixels in the image. Based on S.Shen's method, Keke et al in [9] modified the distance given by equation (5) in order to reduce the negative effect of noise on standard FCM clustering algorithm. Extended method is called improvement of FCM (IFCM) [9] . The modified distance equation is given by
In the above equation
g jk
and
g jk is the difference of the intensity value between the study pixel j and its neighbors k.
D. Otsu's method
Otsu's method, introduced in [17] , is widely applied in medical imaging such as the breast tumor cell in [24] and the CT lung images [25] . This technique is applied to separate the two basic classes: foreground and background. It consists to find the threshold of any image based on the shape of the histogram. Threshold calculation is based on the image variance. The principle steps of this approach are detailed in figure 2. 
E. Active contour
Active contours, or snakes, [19] have found many applications in image analysis and computer vision. This technique is used frequently to extract the breast skin-line in mammograms in [26] , to help in multimodal treatment prostate cancer defined in [27] , to heart and trachea segmentation [28] and to the x-ray lung segmentation [29] , to the leg ulcers segmentation [7] . The edge detection method developed in this paper is based on the active contour paradigm. The proposed technique consists in initialization of a curve, typically a square, rectangle or circle. For each algorithm iteration, the initialized shape is moved to minimize the energy functional, which is referring to the "fitting energy" functional in [19] for a given image, and the minimizing level set function ϕ will define the segmentation until detect the contour of the desired object. The energy functional is defined as
Setting µ = 1, v = 0, λ 1 = 1 and λ 2 = 1 , defined in [19] , the minimization problem: Inf c1,c2,C (F (c 1 , c 2 , C) ). As depicted in figure 3 , the initial curve must deform at different iterations, in order to detect finally the desired object. In this case the initial curve is a circle. To evaluate the segmentation performance of different methods, a novel criterion EAC is introduced. To test the new criterion efficiency, a comparative study with the "surface accuracy" based on ROC space is established [1] . In this section, an overview of the ROC technique is given with an explanation of the EAC criterion.
A. ROC space criterion
The ROC space has been used seen the beginning of 1970's in the interpretation of the medical results and it's very reliable techniques to making the decisions [30] . ROC graph depicts relative trade-offs between benefits (true positives) and costs (false positives). As mentioned in [1] . ROC graphs are two-dimensional graphs in which the TPR is plotted on the Y-axis and FPR is plotted on the X-axis. Each segmentation method produces a pair of (FPR, TPR) corresponding to a single point in ROC space. Every mark in the ROC space, defined in coordinates (FPR, TPR), shows the performance of a corresponding approach. TPR and FPR, given in [21] , are defined as bellow:
The significance of different parameters, TP, FP, TN and FN is defined in 
B. The proposed EAC
The goal of the proposed technique is to detect the edge of each segmented image based on a scanning process. As depicted in figure 6 , input image is scanned, horizontally and vertically, into two directions ( − → i ) and ( − → j ), in order to count the sum of all the lengths of the segments that represent the spatial differences between the both edges. The proposed method, described above, is applied to measure the area between the two edges. In this work, obtained results are converted in (cm 2 ) unit. As illustrated by figure 7, an image region of (cm 2 ) contains a set of (21 × 21) pixels.
IV. EXPERIMENTS
This section is reserved to represent the experiments results. It's divided into two part; the first one focuses to assess the segmentation results of skin images using the proposed criterion EAC and the performance of this criterion is tested with the well-known one, the ROC. The second part is reserved to found out the reliability of the proposed measurement and the tracking method.
A. Evaluation of the segmentation skin results
We compare the desired segmentation image with that obtained by each segmentation method using the two criteria previously defined; the Figure 8 shows the comparing results of EAC using the method of counting pixels between the two edges. The IFCM method gave less number of pixels found between the two edges than the FCM method, but the active contour edge gave the least pixels number siting between the two edge of the desired image and the segmented one. So it's that the active contour method is the most performed method for our case. Figure 9 presents the performance of each segmentation method. It is enlarged to shows the ROC space with more details. Based on obtained results the Otsu's method gave the lower TPR and the higher FPR than all the other methods. However, the active contour had the highest TPR and the lowest FPR and it's the closest one of the mark (0,1). Therefore, we conclude that the active contour outperforms all the other methods that are frequently employed. The active contour is a powerful and a flexible segmentation method for our case.
B. Experimental results
Tracking wound 'size' is a basic operation in each skin disease treatment. Each measure of surface of skin infected area is useful for document healing. Figure 10 shows the wound in the ball of the foot image. The scale presents the size of the wound to be measured. Moreover, A variety of methods to estimate a wounds area have been used and some have been assessed with respect to their utility and reliability. Some researchers have combined standard photography with transparency tracings [13] [31] others have compared the use of video camera recordings with tracing methods and others have used the manual measure [12] , the drawbacks of these methods are time-consuming method, need a staff to calculate the disease region and to make the tools in wound's place It's so hard to keep the transparency grid or the ruler against the ulcer and this can be discomfort to patients. In addition, the instruments cannot be used directly against the wound afraid of the risk of contamination or cross-infection [14] . To solve both mentioned problems an automatic measure technique is introduced based on the active contour. The proposed method is based on three principal steps: image segmentation using the active contour method, edge detection and measure of infected skin area. In this work, the application of active contour is justified based on the comparative study given in section IV. Figure skin surface, the first image represents the original image, the second one represents the detection of the boundary using the active contour, the third is the final segmentation results and the last image is the edge of the infected skin. The pixels counted are 8713 pixels and the scale in this case after caring the zoom lens of the camera is 1cm 2 = 38 × 38pixels, So the surface measured is S = 6.0339cm
2 . tracking the evolution of the skin disease in each time is very difficult task, in order to visualize the small variation in surface disease, therefore an automatic method is proposed and the idea is to follow the progression of the skin disease by taking lesion skin image successively after little time And compare to edges of the two images of each patient using the principal of the EAC. We follow the next steps: segment the image using the active contour method, detect the edge of each image and count the difference D between the two contours. Figure 12 illustrates an example of diseases evolution measure for two patients; Im1 shows the image taken in first time , Ed1 is its edge and Im2 the image taken after time, Ed2 is its edge and D define the difference between the two edge Ed1 and Ed2. Here, the progression of the skin disease is defined by the difference of areas between images taken at different time. By applying the proposed methods, dermatologists can effectively, not only control the evolution of all types of skin disease but also taking the correct and the fast diagnostic decision.
V. CONCLUSION
In this work, a computerized skin diagnosis method is introduced. The proposed approach is to measure the skin disease The experiment results of the progress of skin disease during the time surface and control its evolution. This method is divided into two steps: image segmentation and edge detection based on active contour. The goals of this technique are to make the dermatologist's work easy to reduce the measurement-time and to improve the precision of the caregivers' intervention. in this paper, a novel proposed criterion, called EAC, was used to find out the most suitable segmentation technique for our case. In this work, several experiments are made to show the performance of the proposed measure technique of the skin surface and its ability to control the skin disease. Although, the proposed method is applied on the skin disease image. As future work, the application of this method will be extended for other medical image analysis.
